Introduction
============

Mesenchymal stem (or stromal) cells (MSCs) have emerged as a potential solution for tissue repair and wound healing [@B1]. Recent data imply that MSCs mediate their therapeutic functions in a paracrine rather than a cellular manner [@B2]. At present, the only human cell type known to have a scalable capacity to mass produce exosomes is MSC and MSC is the ideal cell candidate for the mass production of exosomes for drug delivery [@B3]. MSCs are multipotent fibroblast-like cells that reside in many adult tissues such as adipose tissue [@B4], periosteum liver, lung, spleen, muscle connective tissue, amniotic fluid, placenta, and aborted fetal tissues [@B5]-[@B11]. In vitro, they are representative expanded as plastic adherent cells [@B2]. Because of their low immunogenicity, MSCs can suppress the function of various immune effector cell types and promote immune regulatory functions [@B12], [@B13]. According to these features, MSCs became a desirable cell source in regenerative medicine and immune therapy [@B2].

Exosomes, like the intraluminal vesicles, range approximately from 30-100 nm in diameter secreted by live cells and were first observed in the early 1980s[@B14]. Exosomes have been found in numerous body fluids, including blood, amniotic fluid, urine, malignant ascites, cerebrospinal fluid, breast milk, saliva, lymph, and bile, under both healthy and morbid conditions [@B15]-[@B17]. Exosomes have an extracellular membrane vesicle structure composed of a phospholipid bilayer membrane [@B18]. Recent information from different cell type reveals that exosomes contain4, 563 proteins, 194 lipids, 764 microRNA and 1639 mRNA [@B19], [@B20]. Also, a multitude of pathways can be activated by exosomes because of cellular interactions with exosomal molecules, including mRNAs, miRNAs, and proteins (e.g., heat shock proteins \[HSPs\] and adhesion molecules) [@B21].

Generally, exosome biogenesis is composed of two steps, the inward budding of membranous vesicles of endosomes and their release into a structure known as a multivesicular body (MVB), while exosomes are mainly secreted by two different mechanisms, constitutive release via the Trans-Golgi network and inducible release [@B14]. Exosomes interact with target cells, including receptors, endocytosis, fusion with plasma membrane or the release of their cargo [@B22]. An additional figure file shows this in more detail (Figure [1](#F1){ref-type="fig"}). In this way, exosomes function as natural nanocarriers, allowing the transport of the bioactive factors they carry to a recipient cell [@B23]. Remarkably, MSC-derived exosomes can reach to most tumor territories and provide a suitable microenvironment for cancer development, such as cell proliferation, drug resistance, angiogenesis and metastasis, immune modulation. Here we will summarize recent studies on the role of MSC-derived exosomes play in cancer development, the mechanism that MSC-exosomes transport cancer drug resistance, and discuss their application to diagnostics and therapy.

Characterization of Mesenchymal Stem Cell-Derived Exosomes
==========================================================

At present, MSCs are known as the only human cell type to have a scalable capacity to mass produce exosomes [@B24]. MSC-derived exosomes were first investigated in 2010 in a mouse model of myocardial ischemia/reperfusion injury [@B25]. The characterization of exosomes has also been found to correlate with its cell origin. For example, all of the MSC-derived exosomes expressed markers CD63 CD9 and CD81 [@B26], [@B27], but the human umbilical cord MSC-EXOs especially expressed exosomal markers, such as Hsp70 and TSG101 proteins, and also some adhesion molecules, such as CD29, CD44 and CD73 are expressed on the membrane of MSCs [@B28]-[@B30]. Hence, identifying the source of exosomes and isolating them from extracellular matrix through their unique features could be a way to approach. Under transmission electron microscope, the MSC-derived exosomes still exhibited the characteristic round morphology with heterogeneous size. And the average size of MSC-exosomes was 48.72 ± 2.7nm [@B31], the major peak in particle size of MSC-exosomes was at 65-75 nm and the overall size distribution ranged between 60 and 200 nm [@B26]. In addition,*Nakamura Y et al.* examined miRNA in MSC-exosomes using a NanoString miRNA analysis, which listed the top 20 miRNAs according to their expression levels in MSC-exosomes and miR-21, an antiapoptotic miRNA [@B32], was detected at the highest concentrations in MSC-exosomes [@B26]. Furthermore, *Lai R et al.* have found that the predominant feature of MSC-exosome proteome was the presence of all seven α and seven β chains of the 20S proteasome, and 379, 432, and 420 unique proteins have been detected by liquid chromatography-mass spectrometry/mass spectrometry [@B33]. All these studies show how special the exosomes are; their unique features make them a vital component of cancer procession, it is possible that changing the phenotype of MSC-exosomes then they can combine with designated receptor cells and exert specific effects.

MSC-exosomes in cancer procession
=================================

The number of detected exosomes in patients diagnosed with cancer was found to be increased compared to healthy controls. This finding indicated the significant role of exosomes in the development and progression of various types of cancer [@B34]. Growing evidence suggests that MSC-exosomes could transfer proteins, messenger RNA, and microRNA to recipient cells then exert various effects on the growth, metastasis, and drug response of different tumor cells [@B35]. And previous studies have demonstrated that mesenchymal stem cells generate several exosomes that may act as paracrine mediators by exchanging genetic information [@B36], [@B37]. Therefore, understanding the underlying and complex MSC-exosome mediating mechanisms between the tumor cell and their microenvironment in cancer progression is critical to discover the novel therapeutic approach to cancer.

Tumor growth
------------

MSC-derived exosomes, as paracrine factors, transfer their contents to neighboring tumor cells or induce the phenotypic modifications in recipient cells [@B38], which could influence tumor progression in vitro and in vivo. To understand the mechanism responsible for the effects of MSC-exosomes on tumor growth in vivo, *Zhu et al,* subcutaneously co-implanted human gastric and colon cancer cell lines with MSCs or MSC-exosomes into BALB/c-nu/nu mice, then an increased proliferative capacity was observed in the MSC-exosomes co-implantation group with tumor cells [@B39], their results show an increasing expression of Bcl-2, phosphorylated ERK1/2, CXCR4 and VEGF proteins and a -SMA, CXCR4, VEGF and MDM2 mRNA, which are known to be vital to tumor growth and angiogenesis. Moreover, the study shows that MSC-exosomes strongly activate VEGF and CXCR4 expression by activating ERK1/2 and p38 MAPK pathways, it indicated that MSC-exosomes did not promote tumor growth directly but enhanced a pro-angiogenic program, induced a richer blood supply, and then strengthen the capacity for tumor proliferation [@B39]. Furthermore, Qi et al. found that human bone marrow MSC-derived exosomes activated the Hedgehog signaling pathway in recipient osteosarcoma and gastric cancer cells line and induced tumor progression [@B40]. However, in multiple myeloma (MM) cell, MM BM-MSC-derived exosomes are absorbed by MM cells, which have higher levels of oncogenic proteins, cytokines, and adhesion molecules compared with normal BM-MSC exosomes, these contents lead to modulation of tumor growth in vivo; therefore MM BM-MSC-derived exosomes promoted MM tumor growth, while normal BM-MSC exosomes inhibited the growth of MM cells [@B41]. Yang et al. found that MSC-derived exosomes contained matrix metalloproteinase-2 or MMP-2 enzyme could alter cellular functionalities and provide the capability to re-organize the tumor microenvironment [@B42], and that is a novel approach to improve tumor growth. MSC-exosomes also act as carriers that transport tumor supportive proteins, miRNA, lipids, and metabolites, which plays an essential role in supporting breast cancer growth [@B43]. On the contrary, MSC-exosomes can also significantly down-regulated the expression of vascular endothelial growth factor (VEGF) in breast cancer cells, in vitro and in vivo, which is responsible for the anti-angiogenic effect of MSC-derived exosomes, and suppress the tumor growth in breast cancer [@B44]. Indeed, exosomes from human BM-MSCs transfer exosomal miR-100 and modulate the mTOR/HIF-1α signaling axis, to down-regulate VEGF expression in breast cancer-derived cells, which would affect the vascular behavior of endothelial cells and suppress the growth of breast cancer in vitro [@B45]. Another study indicated that MSCs packaged miR-146b into secreted exosomes, then MSC exosomes carrying miR-146b delivered the miRNA into glioma cells, which means MSC-exosomes could be used as a vehicle to transfer anti-tumor miRNAs (miR-146b) [@B46], and reduce glioma xenograft growth in a rat model of primary brain tumor [@B47].

Taken together, MSC-exosomes can affect tumor growth in both support and inhibition ways, which depends on the paracrine functions of MSC. It is possible that variable timing of MSC growth, composition of culture media, and passages of MSC used lead to different exosomes then represent the conflicting data [@B48], [@B49].Therefore, it is necessary to control growth condition of MSC and make sure they could obtain consistent results with their exosomes.

Tumor angiogenesis
------------------

There have been studies on the role of MSC-exosomes in angiogenesis, the cancer cells derived from the exosomes contain interleukin-6 (IL-6) and potent pro-angiogenic factors, vascular endothelial growth factor (VEGF), other molecules able to enhance organization and endothelial cell in tubule-like structures[@B50], [@B51]. Many studies have shown that MSCs plays an important role in angiogenesis, but the role of MSC-exosomes in angiogenesis is still controversial, and other studies have suggested that the external secretion of the body has been produced by blood vessels. To analyze the effects of MSC-exosomes on angiogenic activity in vitro, it significant stimulation of angiogenesis to prevent tumor necrosis. VEGF (Vascular endothelial growth factor) often regulated by MMPs (matrix metalloproteases), HIF-1α (hypoxia-inducible factor), and a wide range of other metabolic regulators and transcription factors [@B1], [@B52], such as ROS. Continuous ROS (reactive oxygen species) production promotes pathological angiogenesis operating mainly on the VEGF signaling pathway [@B53]. In the tumor, tumor mass and stromal cells produce substantial amounts of ROS, and the endogenous ROS production by the tumor cells regulates angiogenesis [@B54].

There are also data showing that MSC-exosomes secretion inhibits the formation of VEGF. Although the high concentration of MSC-exosomes effectively suppressed tumor growth and angiogenesis, in the beginning, anti-tumor effects of MSC-exosomes were not weakened over time. Thus, MSC-derived exosomes can be an effective anti-angiogenetic agent for anti-tumor therapy.

Tumor metastasis and invasion
-----------------------------

Tumor metastasis and invasion require formation of a favorable niche, which is a specific microenvironment that promotes tumor cell viability, proliferation, metastasis and invasion [@B55]. Several studies have examined the role of MSC-derived exosomes in metastasis, invasion and the formation of a pre-metastatic niche. In breast cancer cell line MCF7, after treatment with MSC-exosomes, MCF7 breast cancer cells exhibited an enhanced migratory capacity. Moreover, MSC-exosome treatment led to a significant increase in β-catenin mRNA and protein levels. The expression of WNT target genes such as Axin2 and Dkk1 was also increased. The results demonstrated that MSC-exosomes promote MCF7 migration through the activation of the Wnt signaling pathway [@B56]. And this is the first report about MSC-exosomes promote tumor migration. A year after that, *Wang et al.* discovered that miRNAs were packaged into exosomes secreted by gastric cancer-MSC, delivered into gastric cancer cells and promoted gastric cancer metastasis [@B57]. After delving, they found the expression of miR-221 was significantly higher than other miRNA contents existed in GC-MSC-exosomes, and it\'s known that high expression of miR-221 showed a significant correlation with advanced tumor-node-metastasis stage, local invasion and lymphatic metastasis [@B58]. Besides, MSC-exosome increased the expression of mesenchymal markers and reduced the expression of epithelial markers in gastric cancer cells and then induce the epithelial‑mesenchymal transition, which enhanced the migration and invasion of gastric cancer HGC‑27 cells. Furthermore, the expression of octamer‑binding transcription factor 4, sex determining region Y‑box 2 and Lin28B also significantly increased in gastric cancer cells treated with MSC-exosome. This present study indicates that MSC-exosome elicited this facilitation of migration and invasion in gastric cancer predominantly via the activation of the protein kinase B signaling pathway [@B59]. However, the bone marrow stromal cells (BMSCs) derived exosomes favor multiple myeloma (MM) cell migration, this study revealed that BMSC-exosomes selectively carry certain cytokines that produced by BMSCs such as chemotactic proteins MCP-1, MCP-2, MCP-3, 40 SDF-1, 41,42 and IGF-1, and transfer them to the recipient cells, to trigger MM cell migration, then induce migration of the 5T33MM cells [@B60].

On the other hand, MSC could also pack miRNA into exosomes and suppress tumor migration and invasion. *Lee et al.* reported that MSC could efficiently deliver synthetic miR-124 and miR-145 mimics to co-cultured glioma cells by exosomes via gap junction-dependent and independent processes. These delivered miR-124 and miR-145 mimics significantly decreased the migration of glioma cells because they decreased the luciferase activity of their respected reporter target genes SCP-1 and Sox2 [@B61]. Exosomes could also transfer extracellular miR-143 produced by MSC to osteosarcoma cells, which significantly reduced the migration of osteosarcoma cells [@B62]. In breast cancer, increased miR-23b and decreased MARCKS expression in exosomes secreted by bone marrow mesenchymal stem cells (BM-MSCs) contribute to cell cycle suppression and dormancy in breast cancer cells, which is one of the mechanisms result in inhibition of migration and invasion in breast cancer [@B63], [@B64].

To sum up, these results reveal that the MSC-exosomes can have different effects on same cancer, highlighting the necessity of tracking down the mechanism of MSC-exosomes in various tumor cell types. An additional figure file shows this totally \[see Figure [2](#F2){ref-type="fig"}\].

Transport Function and Novel Therapy of MSC-exosomes
====================================================

Exosomes are considered to be natural nanocarriers which have the absolute predominance in biocompatibility that can be used in clinical applications, such as drug delivery or transfer some specific mRNAs, regulatory miRNAs, lipids, and proteins [@B65], [@B66]. Their role in cell-to-cell communication and because exogenous cargo can be loaded into them to deliver therapeutics to tumor sites [@B67], [@B68] provides therapeutic potential for cancer in future clinical medicine. For example, extracted exosomes from BM-MSCs transfected with miR-221 oligonucleotides can act as high-efficiency nanocarriers, which can provide sufficient miR-221 oligonucleotides to influence the tumor microenvironment and tumor aggressiveness effectively and promote oncogenic activity in gastric cancer [@B69]. In Glioma Stem-like Cells (GSCs), Glioma Associated-human Mesenchymal Stem Cells (GA-hMSCs) release exosomes contain highly expressed and highly enriched miR-1587, which is at least one exosomal miRNA that appears to mediate the increase in proliferation and clonogenicity of GSCs*in vitro* experiments. And the delivery of miR-1587 by GA-hMSCs-derived exosomes resulted in the down-regulation of the tumor-suppressor NCOR1 in the recipient GSCs, which increase the tumorigenicity of glioma stem-like cells and enhance the aggressiveness of glioblastoma [@B70]. On the other hand, due to their membrane composition and the adhesive proteins embedded within them, MSC-exosomes are perfect drug delivery vehicles, to deliver therapeutic agents such as therapeutic miRNA and anti-cancer agents [@B68]. A research shows that MSCs are able to package and deliver active drugs through their exosomes, this effect was tested on the human pancreatic cell line CFPAC-1, after priming with Paclitaxel (PTX) MSCs can acquire strong anti-tumor activity and release the drug through exosomes, verified the possibility of using MSC-exosomes as a carrier to develop drugs with a higher cell-target specificity [@B71].

Sometimes, after radiotherapy, chemotherapy, and surgery, the continued presence of small amounts of resistant cancer cells can lead to cancer recurrence. To change the number of untreated cancer cells, the residual tumor cells transfer resistance to sensitive cells through exosomes [@B72]. Exosomes from MSC derived from rat bone marrow can protect the rat pheochromocytoma PC12 cells against the excitotoxicity induced by glutamate [@B35]. It was discovered through this experiment that MSCs-exosomes reduced the expression of Bax and Bcl-2. At the same time, the researchers found that MSC-exosomes could reduce the sensitivity of BM2 cells to conventional chemotherapy drugs docetaxel [@B63]. And according to another experiment, MSC-exosomes could induce drug resistance in gastric cancer cells to 5-fluorouracil both *in vivo* and *ex vivo* by activating CaM-Ks/Raf/MEK/ERK pathway [@B73]. In some researches, MSC-exosomes mediate drug efflux and transfer of drug resistance to recipient cells, through transferring of protein (MRP2, ATP7A, and ATP7B) and miRNAs (miR-100, miR - 222, miR - 30a, miR-17). The miRNAs transfer to receptor cells can change the cell cycle and affect cell apoptosis, thus reducing the susceptibility of drugs. But in the meantime, a study report on a potential RNA therapy for the neuro-developmental miR-9 through the delivery of MSC-exosomes to make glioblastoma multiforme (GBM) sensitive to temozolomide (TMZ), which means delivery of synthetic anti-miR-9 by MSC-exosomes can reverse the chemoresistance of GBM cells [@B74]. Besides, exosomes derived from murine or human marrow MSC can reverse radiation injury to the murine bone marrow *in vivo* and *in vitro*. In addition, a study showed that vesicles stimulate proliferation and reverse radiation induced DNA damage and apoptosis in FDC-P1 cells [@B75].

MSC-exosomes in Immunity
========================

Exosomes have been implicated in many aspects of immune regulation such as stimulation of T cell proliferation, B lymphocyte-mediated tumor suppression, induction of apoptosis in activated cytotoxic T cells, differentiation of monocytes into dendritic cells, and induction of myeloid-suppressive cells and T regulatory cells [@B76]-[@B79]. MSC-exosomes express galectin-1 and PD-L1 [@B80], [@B81], two molecules also expressed on MSC surface [@B82], [@B83]. Galectin-1, an endogenous leptin, has been shown to induce apoptosis of activated T cells [@B84] and to promote the generation of T regulatory cells [@B85]. PD-L1, a negative costimulatory molecule for PD-1, also promotes T regulatory cells proliferation and function [@B86]-[@B88]. Moreover, MSC-exosomes express TGF-b, a well-known inducer of T regulatory cells [@B83], [@B89], [@B90].

MSC-derived exosomes also inhibited proliferation of Concanavalin A-activated lymphocytes. This ability to exert suppressive and regulatory effects in an allogeneic or autologous manner would enhance the longevity of MSC exosome-derived drug delivery vehicle and bioavailability of its drug cargo [@B3].

Conclusions
===========

In recent years, many researchers have found MSC-exosomes are playing a more and more important role in cancer cell-to-cell interaction in vivo and in vitro. As extracellular vesicles from MSC, exosomes are shown the most similarity of the beneficial and detrimental effects of the cells of origin, they can be carriers to transfer many kinds of molecules from MSC to recipient cells, and then activate a series of effects in cancer cell, which is the major way to suppress or support cancer development, and combine with the function that MSC-exosomes could influence the immunity such as leukomonocyte proliferation, an additional tabular file shows this contents in detail \[see Table [1](#T1){ref-type="table"}\]. MSC-exosomes will be great biological tools for cancer therapy. However, despite increasing evidence for the therapeutic efficacy of MSC-derived exosomes, in the future study, it is hopeful to delve deeper into the potential of MSC-exosomes among cancer cells and provide effective treatments with the highest safety.
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![**Mesenchymal Stem Cell-derived Exosomes. (a)** Biogenesis of the MSC-derived exosome: Exosomes are generated by an endocytic process as follows: (1) inward budding membranous vesicles with an incorporation of protein wrapped into endosome; (2) their release into a structure known as a multivesicular body (MVB); (3) fusion of MVB with mesenchymal stem cell membrane and release of exosomes into the extracellular space. **(b)** MSC-Exosomes are transferred via the blood vessel to the target cells. **(c)** Structure and composition of exosomes: Exosomes are phospholipid bilayer membrane containing proteins and genetic materials such as DNA, mRNA, and miRNA. **(d)** MSC-Exosomes interact with target cells, including receptors, endocytosis, fusion with plasma membrane.](jcav09p3129g001){#F1}

![**MSC-Exosome interact with tumor cells.** MSC-exosomes could transfer proteins, messenger RNA, and microRNA to recipient tumor cells then exert various effects on the growth, metastasis, and drug response of different tumor cells](jcav09p3129g002){#F2}

###### 

The function of MSC-derived exosomes

  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
  Source of Exosomes                              Function                                                                Target/Pathway                         Reference
  ----------------------------------------------- ----------------------------------------------------------------------- -------------------------------------- -----------
  **Human bone**\                                 ↑Breast tumor growth in vivo                                            miRNA-21 and 34a                       [@B43]
  **marrow-derived MSCs**                                                                                                                                        

  **Mouse bone**\                                 ↓Suppress angiogenesis in vitro and in vivo                             miRNA-16, VEGF                         [@B44]
  **marrow-derived MSCs**                                                                                                                                        

  **Human bone**\                                 ↑Promote tumor growth in vivo                                           VEGF, ERK1/2                           [@B39]
  **marrow-derived MSCs**                                                                                                                                        

  **Mesenchymal stromal**\                        ↑Conferred temozolomide chemosensitivity to\                            anti-miRNA-9                           [@B74]
  **cell**\                                       tumor cells in vitro                                                                                           

  **Mesenchymal stromal**\                        ↓Reduced intracranial\                                                  miRNA-146b                             [@B47]
  **cell exosomes**\                              tumor volume in vivo                                                                                           

  **Multiple myeloma-derived MSCs**               ↑MM cell growth in vitro\                                               MM BM-MSC-derived exosomes             [@B41]
                                                  ↑Tumor growth in vivo\                                                                                         
                                                  ↑BM homing                                                                                                     

  **Human umbilical cord Wharton\'s jelly MSC**   ↓Significantly tumor size\                                              hWJMSC-EVs + hWJMSCs                   [@B91]
                                                  ↑Apoptosis                                                                                                     

  **Human adult liver stem cell;**                ↓Significantly tumor size\                                              HLSC-derived exosomes                  [@B92]
                                                  ↑Apoptosis                                                                                                     

  **BM MSC**                                      ↓Proliferation\                                                         BM-MSC-derived Exosome-treated cells   [@B63]
                                                  ↓Tumor formation                                                                                               

  **Glioma Associated-human MSC**                 ↑increase the tumorigenicity of glioma stem-like cells\                 miR-1587                               [@B70]
                                                  ↑enhance the aggressiveness of glioblastoma                                                                    

  **MSC**                                         ↓Induce drug resistance\                                                CaM-Ks/Raf/MEK/ERK                     [@B73]
                                                  in gastric cancer cells                                                                                        

  **murine or human marrow MSC**                  ↓reverse radiation injury to murine bone marrow in vivo and in vitro\   FDC-P1                                 [@B75]
                                                  ↓Apoptosis                                                                                                     
  --------------------------------------------------------------------------------------------------------------------------------------------------------------------------
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